Abstract. Knowledge of the relationship between species traits and species distribution in fragmented landscapes is important for understanding current distribution patterns and as background information for predictive models of the effect of future landscape changes. The existing studies on the topic suffer from several drawbacks. First, they usually consider only traits related to dispersal ability and not growth. Furthermore, they do not apply phylogenetic corrections, and we thus do not know how considerations of phylogenetic relationships can alter the conclusions. Finally, they usually apply only one technique to calculate habitat isolation, and we do not know how other isolation measures would change the results.
INTRODUCTION
Habitat fragmentation is considered to be one of the major threats to biodiversity (Eriksson and Ehrle´n 2001, Oostermeijer et al. 2003) . Recent studies on patterns of distribution in fragmented landscapes have shown that a large number of habitats suitable for a given species stay unoccupied by this species (e.g., Eriksson and Ehrle´n 1992 , van der Meijden et al. 1992 , Ackerman et al. 1996 , Eriksson 1996 , Ehrle´n and Eriksson 2000 . These results imply that distribution of species in such landscapes is largely limited by species ability to spread among localities and successfully establish.
This phenomenon of absence of species from suitable habitats has stimulated studies in which species traits (mainly related to dispersal ability) are related to the patterns of distribution of species in fragmented landscapes (Matlack 2005) . Knowledge of such traits can help understanding current distribution patterns. It can also serve as background information for predictive models allowing quantification of the effect of future landscape changes on species distributions (e.g., Higgins et al. 2003 , Mu¨nzbergova´et al. 2005 , Trakhtenbrot et al. 2005 . The relationship between species traits, landscape attributes (distribution and sizes of localities) and species distribution has thus been a topic of many recent studies (e.g., Bastin and Thomas 1999 , Dupre´and Ehrle´n 2002 , Maurer et al. 2003 , Kolb and Diekmann 2005 . The existing studies on these relationships, however, suffer from several drawbacks. 3 Corresponding author. E-mail: zuzmun@natur.cuni.cz First, most of the studies do not take into account phylogenetic relationships between species (e.g., Ouborg 1993 , Quintana-Ascentio and Menges 1996 , Hanski 1999 , Kolb and Diekmann 2005 ; but see Maurer et al. 2003) . While such analyses are useful and provide valuable insights into general traits determining species distribution in a landscape, without phylogenetic control, we cannot be sure whether presence of a species at a locality is related to the trait under study or to other traits correlated with these that are characteristic for the whole clade to which the species belongs (Westoby et al. 1995a, b) .
Distinguishing between the traits that are really responsible for a pattern and traits correlated with these within larger species groups can be achieved by comparing results of analyses with and without phylogenetic correction. The necessity of such phylogenetic correction has been a highly debated issue (e.g., Harvey et al. 1995 , Westoby et al. 1995a , b, Silvertown and Dodd 1996 , Freckleton et al. 2002 , Pocock et al. 2006 and many authors have suggested that the phylogenetical and ecological explanations for species distribution in a landscape are not mutually exclusive (see also Grime and Hodgson 1987) . Separating the different causes for species distribution is thus relatively difficult. Still it is generally recognized that both of these types of analyses should be considered when trying to explain the effect of species traits on species distribution (e.g., Eriksson and Jakobsson 1998 , Freckleton et al. 2002 , Reich et al. 2003 .
The second issue is related to our perception of the landscape and to ways of calculating isolation of the localities. While a lot of discussion has been devoted to the algorithms of measuring habitat isolation/connectivity (Tischendorf and Fahring 2000) , much less effort has been devoted to consideration of what localities to include in the measure. There are two principal ways to calculate isolation: (1) only from occupied localities and (2) from all localities of the given type (subjectively or by external criteria classified as suitable). Bastin and Thomas (1999) demonstrated that these different ways of calculating habitat isolation might affect conclusions on effects of isolation. These different ways to estimate isolation correspond to different perceptions of the landscape. Using only occupied localities to define isolation is based on a perception of the landscape as static, and assumes that distribution of the species has not changed much in the past. In the other approach, landscapes are viewed as more dynamic, where potential distribution is more important than current distribution, which is likely to change over time.
The last issue we address in this paper is related to the species traits considered. It is relatively common to consider traits related to species dispersal such as seed mass, terminal velocity, seed production or seed bank (e.g., Jackel and Poschlod 2000, Soons and Heil 2002) , or simple growth-related traits such as plant height, flowering time, or life history strategy (e.g., Dupre´and , Maurer et al. 2003 . The effect of traits related to plant growth is, however, largely unknown. In spite of this, traits related to plant growth may be very important for species ability to spread in newly occupied localities and survive there since establishment and survival are important parts of colonization process (Eriksson and Jakobsson 1998) .
In this study, we take into account all the abovementioned issues and ask the following questions: (1) What is the effect of dispersal and growth related traits for current species distribution in a landscape? (2) How do the conclusions of the study change when applying phylogenetic correction? (3) How do the conclusions depend on the way of defining habitat isolation?
To address these questions, we selected 30 species forming pairs of congeneric species occurring in fragmented dry grasslands, a habitat not usually considered in studies of this type. We measured traits related to dispersal, individual survival and growth in the species and recorded distribution of the species in 215 grassland fragments.
METHODS

Study area and species
This study was carried out in northern Bohemia, Czech Republic. The study area is delimited by the Labe River on the south and by the villages of Sˇteˇtı´, Krˇesˇice u Litomeˇrˇic, and Tuhanˇa Ú sˇteˇk. In this region, calcareous dry grasslands form distinct localities surrounded mainly by agricultural fields (see Plate 1). A total of 215 dry grasslands were mapped representing all dry grassland localities within a region of approximately 40 km 2 (Fig. 1) . A locality is defined as a continuous grassland with visually homogenous vegetation separated from other localities by an unsuitable area. In cases of abrupt vegetation change within continuous grassland, the parts with different vegetation were treated as different localities. These cases were not common; in all of them there was a visual topographic barrier between the localities such as a small ditch or change of slope from very steep to flat.
We selected 30 native perennial herbs that were restricted to dry calcareous grasslands in the study region and that are neither very rare nor extremely common in these localities. The species were also selected to form 15 pairs of closely related species (Table 1) . While most pairs consisted of species of the same genus, in four cases, the pairs consisted of relatively closely related species from the same family (Table 1) . To explore the effect of these four more distantly related species pairs on the conclusions, we carried all analyses both with and without them.
Species traits
We measured two types of traits: traits related to species dispersal ability and traits related to species survival and growth. They were terminal velocity, plant height, ability to attach to sheep fur (exozoochory), seed mass, seed production, seed germination, proportion of viable seeds, seed dormancy, ability to flower in the first year (early flowering), production of aboveground and Terminal velocity was estimated by measuring the flight time of a seed from a predefined height (3 m; Mu¨nzbergova´2004). Ten seeds from each of three different populations of each species were measured. The type of propagule used for the measurements corresponded to the propagule leaving the plant. Mean dispersal distance (D, referred to as anemochory) was expressed as
where w is the wind speed, h is the plant height, and t is the terminal velocity. The wind speed used for the calculation was a maximum daily mean wind speed detected at a nearby meteorological station (Doksany) between 1993 and 2003 (13.7 m/s). This value was selected just to illustrate the possible consequences of the terminal velocity and plant height for seed dispersal.
Since wind speed is a constant in the calculation, using other values would not affect the results. Plant height was estimated by measuring the height of 10 randomly selected flowering plants per locality at each of three selected localities. We are aware that our dispersal model is very simplified. Nevertheless, it has been successfully used in other studies to characterize mean dispersal distance of seeds (e.g., Soons and Heil 2002 , Mu¨nzbergova´et al. 2005 , Herben et al. 2006 and is the easiest way to combine the three key parameters affecting dispersal. We thus suggest that it is a useful proxy of potential wind dispersal distances for comparison among the species.
Ability to disperse via exozoochory was assessed by gently placing a piece of sheep fur over a tray containing 100 seeds, removing it and counting the number of attached seeds (Mu¨nzbergova´2004).
Seed mass was estimated by weighing five groups of 10 seeds from three source populations. It is generally recognized that seed mass can serve as proxy of seed dispersal ability and germination as well as competitive ability of the species.
Seed production was estimated as number of flowering plants per square meter counted in 10 quadrats in each of three populations of the species. The quadrats were intentionally selected in areas with the highest density of the species that could be found in the different populations. This number was multiplied by seed production per plant estimated in these populations. This value was then multiplied by the proportion of viable seeds to estimate number of viable seeds produced per area per year. This value provides information on maximum seed production by a stand of a given species. It thus provides an estimate of the potential supply of seeds ready to colonize other localities.
Traits related to plant growth were estimated in a common garden experiment. In late summer (August to September) 2003, 50 seeds of a single species were sown in 19 3 19 3 19 cm pots in a common garden in a 1:2 mixture of sand and garden substrate. For each species, seeds originating from three different localities were used. Seeds from one locality were placed into one pot; there were three replicates per locality and species thus yielding nine pots per species.
In November 2003, we recorded the number of germinated seedlings per pot. Since the species either germinated at a high rate in the autumn or did not germinate at all, we coded this information as a binary variable (dormancy; yes or no). The ability to germinate early indicates that the seeds do not posses any type of dormancy. For determining seed dormancy, it is important that the seeds be sown shortly after being harvested. This information provides an indication of the germination dynamics of the species and thus about the potential performance of the seedlings at the localities.
The number of plants in the pot was also recorded in May 2004 for all species to have the same recording date for species with and without seed dormancy. For the early germinating species, the May germination was the number of germinated plants in autumn reduced by winter mortality. This number served as an estimate of germination fraction (germination in Petri dishes was used only to estimate production of viable seeds per area). 
Tri mon Leguminosae
Note: The nomenclature follows Tutin et al. (1964 Tutin et al. ( -1983 .
In autumn (September-November) 2004, we recorded the presence of flowering plants in the pots to assess the ability of the species to flower in the first year (early flowering; yes or no). In November 2004, the plants were harvested. Each harvested plant was divided into aboveand belowground biomass, dried to constant mass, and weighed. We used the mass of the largest plant per species as an estimate of growth ability of the species; in all cases there were one to three large plants in the pot and sometimes also many small ones. We suggest that the size of the largest plant provides a relatively good estimate of what a plant can do in natural conditions within one year. This indicates that the flowering can also be interpreted as the ability of the species to do so, since at least some plants did not suffer from high competition. The division of the species into early and late flowering categories, and biomass production of the plant, correspond well with our personal observations on performance of the plants in the field. We thus suggest these data can provide insights into growth dynamics of the plants in the field.
To estimate the ability to survive in the seed bank, three nylon bags per species, each containing 50 seeds, were buried at each of two different localities in November 2003 and excavated in October 2004. The excavated seeds were tested for viability. The seeds were regularly watered with distilled water on the Petri dishes and kept in a growth chamber under a fluctuating regime (12 hours light at 208C, 12 hours dark at 108C). Germinated seeds were regularly removed. The seeds of species that did not germinate were stimulated by adding giberelic acid and abraded by sandpaper. The seeds that still did not germinate and did not decay were then tested for viability using the tetrazolium test. All seeds identified as viable by any of the methods were summed. The same procedure was used to estimate the viability of fresh seeds (proportion of viable seeds) to provide a baseline from which to estimate the decline in germination over time. The ability to form a seed bank indicates that the seed can survive given that it does not have suitable conditions for germination. It, however, does not imply it has any intrinsic dormancy.
All measured traits are listed in Table 2 and values of these traits for each species are in Appendix A. In all cases, we were working with average values for each species.
Habitat suitability
To calculate habitat occupancy and isolation of a habitat, we had to define suitable localities. Suitable localities were defined using a Beals index (Beals 1984 , Mu¨nzbergova´and Herben 2004 . This index calculates the probability of encountering a species at a locality using data on the presence of other species at that locality and on patterns of co-occurrence of the target species with other species. To estimate the species cooccurrence patterns, we used 2984 releve´s on species composition of dry calcareous grasslands in the Czech Republic from the Czech national phytosociological database (Chytry´and Rafajova´2003). Unoccupied localities with a Beals index reaching at least the 5% quantile of the Beals index of occupied localities were considered suitable. Using 1% or 10% quantiles did not significantly affect the conclusions.
We also used data on abiotic conditions of the localities (geology, potential direct solar radiation, and slope of the target localities) to assess habitat suitability. These gave very similar results to the Beals index, so we use only the former in the study.
Habitat isolation
We used three different approaches to calculate habitat isolation in this study. First, we calculated isolation of a locality using its distance from all dry grasslands, subjectively assumed to be suitable for all the species, in the study region. In this case, habitat isolation of a given locality was the same for all the species. Second, we calculated isolation only from all occupied localities. In this and in the following case, habitat isolation of a single locality differed among species. Finally, we calculated isolation from all localities classified as suitable for the species using the Beals index. See Introduction for the rationale behind calculating isolation from unoccupied localities and Eq. 2 for the exact way to do this.
Calculation of habitat isolation was based on centroids of the localities, derived from a digital map of the localities provided by T. Chy´lova´. Isolation of a locality was expressed as a mass of surrounding localities weighted by its distance to the target locality. Isolation of a locality was expressed as follows:
where I ij is isolation of locality j for species i, k are all the surrounding localities within 1.8 km distance from the target locality, P k is a size of locality k in square kilometers, d jk is distance between localities j and k in Seed bank 100 À (percentage decline in germination ability after 1 yr) Exozoochory seeds attached to sheep fur (%) Germination fractionà plants after 1 yr from sown seeds (%) Dormancy ,à 0/1 (germination in autumn/spring) Early flowering ,à 1/0 (flowering in the first year) Aboveground biomass ,à g (for one plant after 1 yr) These parameters were used in the test presented in this study.
à These parameters come from the common garden experiment.
kilometers, and O k is a binary (0,1) variable coding occupancy or suitability of a locality. When calculating isolation from all localities, O k is always 1.
Isolation of a locality was calculated only for 187 localities out of 215. The other localities were excluded because there were unanalyzed localities within 1.8 km of these localities. The 1.8-km zone was selected as a distance over which habitat isolation was measured; this was the maximum distance that we were able to reliably cover by the field survey. Not all marginal localities had to be excluded, however, since large areas of arable fields surrounded some of the localities. Only the 187 localities were used in all the subsequent analyses.
Data analysis
To reduce the high dimensionality of the trait-byspecies matrix, we selected only a subset of traits that were expected to be most informative and not too closely correlated with other traits (Table 2) . Correlation of the remaining species traits was studied using simple correlation analysis. The traits that changed values over several orders of magnitude (seed mass, seed production, aboveground biomass) were logarithmically transformed before the analysis. This analysis was then repeated after subtracting the mean trait value for each species pair from the trait value of each species in that pair; this was done to explore correlation among traits after phylogenetic correction.
Some traits used in the analysis were significantly correlated (Table 3 ), but we did not want to exclude those since they carry different biologically meaningful information. In all the subsequent analyses, we were thus using multiple partly correlated traits. This could theoretically bias our conclusions. To explore this, we in all cases compared a test with all the variables included with results of stepwise analysis.
To visualize similarity between the different species in their traits we used principal component analysis (PCA). The data on single species traits were treated as ''species,'' and data on each species represented ''samples.'' The analysis was centered and standardized by ''species''; in this way all the traits were expressed in the same, relative, units. For this as well as for subsequent analyses, we used only traits marked in Table 2 .
Percentage of occupancy of the localities was expressed as the portion of all occupied localities either from all localities, or from all suitable localities. To estimate the effect of plant traits on overall habitat occupancy, we used generalized linear models (GLM), assuming binomial distribution of the dependent variable. Numbers of occupied and all available localities were used as bind dependent variables (the variables were combined into one variable using command cbind in S-PLUS 2000 (MathSoft, Needham, Massachusetts, USA), the resulting variable carries information on frequency of an event), and all species traits were used as independent variables. The same analysis was then repeated with pair code as another independent variable.
To estimate the effect of species traits and landscape properties on species occurrence at a locality, we used logistic regression. Presence of each species in each locality was used as the dependent variable, and size and isolation of a locality, all species traits, and the interaction of all species traits with habitat size and isolation were used as independent variables. In the text, however, we present only the results for the interaction terms of habitat isolation/size and species traits. The results of the main effects would actually be a more complicated approach to study the effect of traits on habitat occupancy mentioned above. Analyses calculating isolation from all dry grasslands in the region and from only occupied localities were based on all the studied localities. In the analyses with isolation calculated from all suitable localities, we use data only from suitable localities for each species.
To visualize interactions of traits and landscape properties in a graphic form, we plotted the traits for species occurring in localities with a given property against the property. The species missing at each locality were not visualized in these graphs. To visualize the results after phylogenetic correction, we used species traits after subtracting the mean of the trait value for each species pair from the trait value.
All the above analyses are based on traits across all 30 species and do not allow easy interpretation of the distribution of the single species. To show how single species respond to habitat size and isolation, we performed a multivariate canonical correspondence analysis (CCA) using presence of all the species at the locality (species composition based on the 30 species) as the dependent variable and habitat size or isolation as independent variables. To separate the effect of habitat size and isolation, we also performed analyses with habitat size as an independent variable and isolation as covariate and the other way round. The analyses were done only for isolation from all localities, i.e., the type of isolation that is the same for all the species.
All the univariate analyses were done using S-PLUS 2000; all the multivariate analyses were done using CANOCO (ter Braak and Sˇmilauer 1998). All the univariate analyses were done with type III sum of squares, so the effect of each independent variable was estimated after removing the effect of all the other independent variables.
RESULTS
Correlation of the different traits shows a positive relationship between anemochory and exozoochory. There is also a positive relationship between aboveground biomass of a plant in the first year and its ability to flower in the first year and to produce a seed bank. Plants with high aboveground biomass tend to have low ability to disperse via exozoochory. There is also a negative relationship between ability to create seed bank and exozoochory and between seed dormancy and ability to flower early (Table 3) .
Only three of these relationships stay significant after phylogenetic correction (between aboveground biomass and seed bank and exozoochory and between early flowering and dormancy). There is also a significant positive relationship between seed mass and exozoochory and seed production and seed bank (Table 3 ). The correlations partly change after removing the four noncongeneric pairs (see Appendix B).
Comparison of traits of species within the pairs indicates that many species within a pair are rather dissimilar (Fig. 2) . Nevertheless, species pair explains 78% of the total variation in the dataset as identified using PCA with species pair as a covariate.
Tests exploring the effect of species traits on habitat occupancy indicate many significant patterns (Table 4) . When working with all localities and without phyloge- Table 1. netic correction, species with higher habitat occupancy have a significantly better ability to disperse by wind, higher seed production, lower dormancy, flower later, have higher aboveground biomass, and disperse better by exozoochory (Table 4) .
Several of these results change with phylogenetic correction. Specifically, there was no significant effect of anemochory on habitat occupancy. The effect of dormancy and early flowering changed from negative to positive and the effect of aboveground biomass and exozoochory changed from positive to negative (Table  4 ). The species pair explained 67.8% of the total variation in habitat occupancy.
Several patterns also changed when analyzing habitat occupancy using suitable localities only. In none of the cases, however, did the sign of the relationship switch (Table 4 ). The relationships also changed relatively little when using stepwise analyses. Specifically, a few traits that were nonsignificant when all traits were included were dropped from the model, but the direction of the relationships stayed the same indicating that the patterns identified are not dependent on the exact formulation of the model (not shown). When performing the analyses without the four non-congeneric pairs, the signs of the relationships stayed the same, although fewer patterns were significant, probably due to smaller sample size (not shown).
All traits except for seed production and exozoochory significantly interact with landscape properties at least in some cases (Table 5) , although the R 2 of these relationships are quite weak. This is likely due to the fact that main effects of the variables account for large part of the variation, so the variation left unexplained is relatively low. A higher number of significant interactions was observed for habitat isolation than for habitat size. The highest number of significant results was observed when calculating isolation from occupied localities only. Phylogenetic correction resulted in similar significance values; the sign of the relationship, however, reversed in several cases (Table 5 ). Species pair explains 18.6% of species presence at a locality.
When working with isolation from occupied localities only and without phylogenetic correction there was a significant negative interaction between habitat size and early flowering. With phylogenetic correction there was a significant positive interaction between habitat size and seed bank, indicating that plants occurring on smaller localities are those that survive less in the seed bank (Table 5) .
There were multiple interactions with habitat isolation in the analysis without phylogenetic correction when isolation from occupied localities was used. Specifically, plants that occur more frequently in more isolated localities had seeds with lower ability to disperse by wind (Fig. 3A) , smaller seeds (Fig. 3B ), higher dormancy, higher aboveground biomass, tend to flower in the first year, and have higher ability to survive in the seed bank (Table 5) . Phylogenetic correction changed the pattern in several cases. Specifically, species that occur in more isolated localities actually have larger seeds (Fig. 3C) and lower aboveground biomass. The effect of dormancy and early flowering became nonsignificant (Table 5) . As above, the signs of the relationships stayed the same when selecting variables using stepwise regression. Also there were very few changes when removing the four non-congeneric pairs, although, again, fewer significant results probably due to smaller sample size.
Contrary to the frequent reversal of the sign of the relationship in analyses with and without phylogenetic correction, the sign of the relationship never reversed in analyses with different definitions of habitat isolation. The number of significant relationships was, however, much lower when habitat isolation was calculated from all localities or suitable localities compared to cases when isolation was calculated only from occupied localities (Table 5) .
Habitat isolation, but not size, significantly affected species composition at the localities (P ¼ 0.006; it explained 9.02% of the variation that could be explained by one ordination axis). The effect of habitat size was only marginally significant (P ¼ 0.07, it explained 6.01% of variation that could be explained by one ordination axis). Analyses with habitat size or isolation as a covariate did not change these results very much and thus are not shown. In more isolated localities, species such as Inula hirta, Campanula rotundifolia, Cirsium acaule, Salvia pratensis, and Astragalus glycyphyllos are more common. On the other hand, species such as Linum flavum, Laserpitium latifolium, Cirsium pannonicum, Coronilla vaginalisi, and Campanula glomerata are more common in less isolated localities (see Table 6 for full list of species). Smaller localities host species such as Campanula glomerata, Laserpitium latifolium, Bromus erectus, and Cirsium pannonicum, while in larger localities Inula hirta, Linum tenuifolium, Campanula rotundifolia, and Asperula tinctoria are more common (see Table 5 for a full list of species). These relationships did not change much after removing the non-congeneric pairs. The main difference was a lower percentage of variation explain by habitat size and isolation (not shown).
DISCUSSION
Results of this study show a strong relationship between species traits and species distribution in the landscape. This is true both when looking at percentage of habitat occupancy and when looking at species response to habitat size and isolation. However, the specific nature of the relationships often changes after phylogenetic correction or with different definitions of habitat isolation.
Exploration of species traits studied in this paper indicates many significant relationships between these. For example, we have demonstrated significant relationship between the ability to disperse by anemochory and exozoochory (see also Fischer et al. 1996) . Our results, however, also indicate that this pattern disappears when performing phylogenetic correction. Similarly, we found a negative relationship between seed dispersal ability (exozoochory) and survival in the seed bank (see also Ehrle´n and Groenendael 1998) . Again, this relationship disappeared after phylogenetic correction. The reversal of the relationships between species traits after phylogenetic correction is in agreement with previous studies (e.g., Silvertown and Dodd 1996) and suggests that we should expect different conclusions in the subsequent analyses with and without phylogenetic correction.
Percentage of habitat occupancy was significantly affected by both traits related to seed dispersal and traits related to plant growth. A high number of species traits explaining habitat occupancy is in agreement with previous studies exploring this relationship (e.g., Ouborg Notes: The sign of the relationship is provided for significant results. Error df ¼ 3707 and 3692 for analyses using isolation from all or occupied localities without and with phylogenetic correction (PC), respectively; error df ¼ 3274 and 3259 for analyses using isolation from all suitable localities without and with phylogenetic correction, respectively.
1993, Eriksson and Jakobsson 1998 , Maurer et al. 2003 , Kolb and Diekmann 2005 . In our study, more widely distributed species had better dispersal ability as well as faster growth. Kolb and Diekmann (2005) found a similar pattern for dispersal. On the other hand, Eriksson and Jakobsson (1998) and Maurer et al. (2003) have shown that habitat occupancy does not depend on traits related to dispersal.
Species traits also determine species response to habitat size and isolation; with more significant interactions with habitat isolation than with size. This is in agreement with conclusions of Piessens et al. (2004) and Kolb and Diekmann (2005) , who showed higher effects of habitat isolation than size on species occurrence in forest fragments. In all comparisons, we have shown that species with higher anemochory are missing from isolated localities. This contrasts with conclusions of Piessens et al. (2005) , who suggested that anemochory is the most important trait allowing species survival at isolated localities. The observed pattern clearly indicates that anemochory is not the main factor that can guarantee species occurrence in isolated localities. Also we did not find any significant effect of exozoochory. This may indicate that it is not dispersal but rather establishment that limits species distribution at isolated habitats. It is, however, also possible that other dispersal traits that were not measured in this study, such as endozoochory, are the most important dispersal types in the studied landscape (e.g., Bonn 2004) . Isolated localities also host species with significantly smaller seeds suggesting that seed size might be better predictor of dispersal than our (assumed) more direct measures of dispersability (Ehrle´n and Eriksson 2000) .
In agreement with Piessens et al. (2004) , we have shown that survival in the seed bank is important for species presence in isolated localities. This pattern is also in agreement with many other studies that indicate that survival in seed bank is crucial for population survival (e.g., , Turnbull et al. 2000 .
The results also show that species occurring in smaller localities flower earlier than species in larger localities. This can be explained by the fact that small localities have a higher edge-to-area ratio and are thus more disturbed. Disturbed localities have also been shown to host early flowering species in previous studies (e.g., Thompson and Rabonowitz 1989 , Thompson and Hodkinson 1998 , Silvertown and Charlesworth 2001 .
An important conclusion from this study is that the effect of species traits on species response to habitat size and isolation can completely reverse when applying phylogenetic correction (reversals after phylogenetic correction were found also by Murray et al. [2002] and Pocock et al. [2006] but not, e.g., by Maurer et al. [2003] and De Bello et al. [2005] ). For example, species were detected to have smaller seeds when occurring at more isolated localities, but this relationship reversed direction after phylogenetic correction (see also Eriksson and Jakobsson 1998) . The contradiction between the two patterns is probably a consequence of the stability of seed size within species phylogenies (e.g., Mazer 1989 , Kelly and Purvis 1993 , Kelly 1995 . The main effect of seed size was thus probably removed when performing FIG. 3 . Relationship between species traits and landscape properties: (A) anemochory and habitat isolation, (B) log(seed mass) and habitat isolation, and (C) log(seed mass) after phylogenetic correction and habitat isolation. For the purpose of the graph, habitat isolation was divided into three equidistant categories. In each case, only species occurring at the given locality are included. All the patterns are significant (Table 5 ).
the analysis of phylogenetically contrasting pairs. The residual variation in seed size may describe differences in species ability to establish at these localities (reserve effect [Westoby et al. 1996] ) given that they disperse there.
The potential reversal of conclusions after application of phylogenetic correction indicates that interpretation of the results of previous studies on this topic (e.g., Ouborg 1993, Quintana-Ascentio and Menges 1996) in terms of factors responsible for species distribution in the landscape is partly problematic. Since these studies usually do not perform the phylogenetic correction, it is not clear which patterns are really the effects of the given trait and which are just due to other correlated properties of the whole genus. On the other hand, even results with phylogenetic correction have to be interpreted with caution since we may miss patterns that are characteristic for the whole species group. Both types of relationship should thus be explored to understand species-traits-landscape-structure relationships.
The results also show strong differences in conclusions when working with different isolation measures. The highest number of significant relationships was found when working with isolation calculated from occupied localities only; this model thus has the best predictive ability for species distribution. This is a measure that has been previously used by others (e.g., Quintana-Ascentio and Menges 1996, Johansson and Ehrle´n 2003, Hanski et al. 2004) . Its significance suggests that it is current landscape occupancy, and not distribution of suitable localities in the landscape, that determines the probability of species occurrence on single localities. While both conclusions would be compatible with the predictions of metapopulation theory (e.g., Hanski 1999), we suggest that higher predictive power of a model measuring isolation from occupied localities indicates relatively slow dynamics of the species.
The analysis of effect of habitat size and isolation on species composition of the locality confirms that habitat isolation is more important than habitat size. The group of species restricted to non-isolated localities includes many endangered species such as Linum flavum, Cirsium pannonicum, and Coronilla vaginalis. This indicates that habitat fragmentation constitutes a serious threat to dry grassland species in the region.
In this paper, we have explored the effect of species traits on species distribution in the current landscape as described by current habitat size and isolation. It has, Notes: Habitat isolation explained 9.02% of the variation in species composition that could be explained by one ordination axis; the effect is significant. Habitat size explained 6.01% of the variation in species composition that could be explained by one ordination axis; the effect is marginally significant. The table shows position on the first ordination axis; negative values indicate species prevailing at isolated and small localities, respectively. however, been repeatedly shown that species distribution may depend not only on current landscape structure, but also on landscape structure in the past (Jacquemyn et al. 2001 , Johansson and Ehrle´n 2003 , Lindborg et al. 2005 , Herben et al. 2006 ). However, exploring the effect of past landscape structure was beyond the scope of the current study.
Conclusions
We have shown many significant relationships between species traits related to both dispersal and growth and species distribution in the landscape. The directions of these relationships, however, often change after application of phylogenetic correction. The conclusions also partly change depending on whether isolation is calculated from all potential localities or occupied localities. All this indicates that species traits have a high potential to explain the pattern of species distribution in the landscape. To build predictive models of species distribution, however, we have to carefully consider the technique used. We suggest that the results without phylogenetic correction can be better used for predicting patterns of distribution for large species groups. The phylogenetically corrected results might be more suitable for predicting selection pressures on changes of life history traits within smaller species groups. It has to be, however, kept in mind that the results are complementary and both of these should be carefully considered when trying to understand species distributions.
All the results suggest also that when comparing relationships between species traits and species distribution among published studies we have to carefully consider the technique used in each particular case. In the future we should thus attempt to use analysis both with and without phylogenetic correction and explore different isolation measures whenever possible and try to identify the differences in conclusions between these.
